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ADULT AND LARVAL STAGES OF PARAUSTROSTRONGYLUS RATTI
(NEMATODA: TRICHOSTRONGYLOIDEA) FROM RATTUS FUSCIFES

by IAN BEVERIDGEY & MARIE-CLAUDE DURETTE-DESSETY
Summary

Beviermgce, 1, & DureTie-Desser, M -C, (1993) Adulr and larval stages of Parausrrosirong vius ratri (Nematoda:
Trichostrangyloldes) from Ratus fuscipes, Trans, R, Soc. 8, Aust, U7(1), 27-36 4 June, 1993,

The morphology of the adull and the third and fourth [arval stages of Paraustrostrongyius rari from the native
rodent Rarnes fiseipes is deseribed, with particular reference o the synlophe, as well as the thechanism of aiuclunent
of the nematode w intestmal villi. The synlophe of the fourth larval stage hay an vblique uxis of orientation,
in contrast to the frontal orientation in the adult stage, and most closely resembles the synlophe of gpecies of
Deasetostrangylus parasitic in dasyurd marsupials. Oniogenatic data therefore suggest that Paranstrongyus evalved

from an angestor resembling Dessetostrongyliy,

KEeY Worps: Nematodes, Trichastrangyloidea, Paraustrostrongylus, ontogenesis, larvae, morphology, rodents,

Tntrnduction

The trichostrongyloid nematode subfamily
Herpetostrongylinae occurs in the small intestines of
Australian marsupials and is one of the few
trichostrongylold groups in which there is apparently
a close evolutionary parallel between hosts and
parasites (Durette-Desset V82, 1985; Humphery-Smith
1983; Beveridge 1986). Three distinct lineages have
been recognised among the cight component genera
i marsupials, each shaeing a probable common
ancestry with Pbolleya, a contemporary genus which
occurs in dasyurid marsuplals. Woelleva shares fearures
in commeon with the genus Viannaia, belonging to the
family Viannaziidae, which is present in Sputh
American marsupials and rodsnts (Humphery-Smith
1983).

Two of the herpetostrongyline genera,
Ausrostrongylus and Parawsrrostrongylus, occurring
in diprotedont marsupials, wilth one species in the
marsupial mole, Nororveres typhlops, and one in a
rodent, Rattus fiuscipes, are of particular morphological
interest due to the development of paired lateral
cuticular inflations, unique within the Trichostrngy-
Loidea, tiermed “floats” by Durette-Desset (1979). The
evolutionary development of these floats was
investigated in Austrastrongylus and in a related penus,
Sutarostrongylus, (Beyveridge & Durette-Desset 1986)
and species with intermediale or primitlive
morphological features. that is eithber with a single float
or withour floats, were identified. This study suggested
that Swtarostrongylus, parasitic in Thylogale spp.,
exhibited a number of primitive characters, ancestral
lo thowe seen 0 Ausirosirongyies, but provided no
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additiopal imsights into the possible relationships
between a postulated Woolleya-like ancestor and
Ssearosirongylus. Dessetosirangylus is one possible
intermediary between Woolleya and Sutarostrongylus
(ste Beveridge & Durette-Desset 1986) as it hag a
synlophe, or complemen| of body nidges, identical with
that of Swwarosrrong ylies except for the fact that the axis
of oriemation of the synlophe is oblique in
Dessetostrongylus but frontal in Surarostrongylus,
Humphery-Smith (1983) by contrast, placed greatet
emphasis on the frontal orientation of the syntophe of
Ausrrostrongylus and derived it direcdy from an
ancestral stale resembling that found in Reollgw
Spremii,

Cassone «1 al, (1986), studying new species of
Bboileya and Parriclaling from dasyurid massupials
confirmed the direx1 Woolleya - Austrostrongylus
relationship identified by Humphery-Smith (1983}, but
considered that Dessetostrongylus was a sister group
10 Austrostrorg s,

All studies on the evolution of the Herpetostrongy-
linae 1o date have relied on the comparative
morphology of the adult nematodes and particularly
on differences in the anatomy and orientstion af the
synlophe. The ontogenesis of larval stages is an
important source of phylogenetic information m the
Trichostrongyloidea (Durette-Desset 1985), but has not
been exploited in the case of the Hetpetostrongylinae
ather than in the case of Beveridgiella pearseni (see
Humphrey-Smith 1980), because no life cycles ate
known.

We decided tp investigate the morphology of the
various life-cycle stages of Parausrrostrongylus rarl,
the anly member of the genus to occur in a estherian
mammal (Obzadosf 1979) w0 amempt 0 obrain
additional information on the ewolution of the synlaphe
af the geous. Due to its abundance in Rarus fuscipes
and the ease with which infected ratg could be obtained
and kept in the laboratory. £ rutti was considered 1o
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Figs 1-I5. Faraustrostrongylus ratti Obendorf: Adult. |, anterior end, lateral view, dorsal aspect on left hand side; 2, anterior
end, dorsal view, 3, apical view of mouth opening and lips; 4 optical transverse section through hexagonal buccal capsule,
with dorsal tooth, 5, transverse optical section through anterior end of oesophagus: 6, anterior region, left laternl view;
armows indicate origins of ridges; 7. anterior region, right lateral view; arrows indicate origins of ridges: B, bursa, lateral
view; numerals indicate ray numbers according to Durette-Desset (1983); 9, bursa, ventral view; 10, gubernaculum, lateral
view; 11, spicule tips, ventral view; 12, spicule tip, lateral view; 13, genital cone, ventral view of papilla 0; 14, genital
cone, lateral view showing papillae O and 7; 15, female tail, lateral view. Scale lines 001 mm: figs 1,2, 10, 11-14 to satne
scale; fips 3-5 to same scale; figs 6,7 to same scale; figs 8,9 to same scale. Legend: a, amphid; d, deirid; e, excretory
pore; 1, lip; p, posterior atrophic uterus; s, submedian papilla; sp, sphincter; t, dorsal tooth; ve, vestibule.
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be mom suitsble for invesrigation than gpecies
occwrting in marsupials, The morphological data
presented here also provide Lhe basis for subseguent
ultrastructral studies,

Mcthods

Naturally infectad rats, Rattus fuscipes (Waterhouse),
were mapped at Blackwood, Vicoria {37°29'S,
144°19°E), killed us the laboratory and the small
imestine was divided inte segments and opened in
warm 000% saline. The imestinal segments were
placed in an incubater for two hours to allow
neteatodes vo migrate 1o the saline. Nematodes were
then washed in salue and fixed in hot 70% ethanod,
Small pumbers of nematodes were fixed in 2.5%
glutaraldehyde in phosphate buffer at 4°C.

Adult, fourth and parasiuc third-smage nematcdes
were clearcd in lactophenol and examined, using
Nomarski interference contrast microscopy. Transverse
sections of the tody of male and female nematodes
were tul using a cataract scalpel, mounted in
lactophennl for exurmmation and orjepted using the
methods of Durette-Dessza (1971). Apical views of the
anlerior extremnily were made by similar means,
Specimens fixed in glutaraldehyde were embedded in
resin, Sections cul at a thickness of | um were stained
with toluiding bluec and were used to confirm
momhologwesl  features szen in hand-cut  section,
Additional specimens were dehydrated in a graded
ethanol series, dried in a critical poinr drier, coated
with gold and examined with 2 Siemens Autoscan
scanning electron microscope.

Ridges of Ihe synlophe were numbered in an
anticlockwise fashion beginning with the lefi-ventral
ridge, in order 10 demonsirate homaologies between
stages. The numbering system for the bursal rays and
papillae follows thal of Duretle-Dessed (1985),

Faeces from naturally infected rats were collected,
mixed with an equal quantity of charcoal and cultured
on moist filter paper in Petri dishes at laboratory
temperature. Frve and eight days later, larvae emerging
from the Recal-charcoal mixmure were collected in
distilled water and concentrated by sedimentution.

Third-stage larvac were examimed live in waler as
well as after having been immobilised by heatng. Some
larvac were killed in hot 70% ethanol and cleared I
glycerol by trunsferring to a mixiure of 70% ethanol
and glyoerol and allowing the cthanol w evaporats.

Measurements were made either with an ocular
micrometer or from drawings made using 4 drawing
tube and are presented in the 1ext in millimetres as the
range followed by the mean in parcnihescs.

Maorphological wrminology for the synlophe fallows
that of Durene-Desset (1985). All drawings are oriented
with the dorsal aspect uppermost and the left hand side

of the nemarode body townards the left margin of the
page,

Parasitic third-stage larvae of B jrusi were
distingwished from the synhospitalic nematodss
Nipposerongyvius magees and Odéilia bainge by feamres
af the tail and cephalic extremity, based on material
obtained from monespecific experimental infections
with each of these two spevies. To obtain a
monospecific infection of adult £ ratri, one naturally
infected R. fuscipes was killed, all P rafe in the small
intestine were sorted while being maintained in warm
saline, and were transferred by enlerotomy o a
laboratory-reared R, jfuscipes under gencral
anaesthesia. Four weeks latar, the recipient ral was
killed, the intesting remaved and 10% buffered formal
saline injected rapidly into it w fix nematodes in sitk,
Fragments of intestine with worms attached
subsequently were dissected and preparad for scanming
electron microscopy s deseribed above, Additional
segments were dehydrated; embedded in paraffin,
serally sectioned st a thickaess of 10 pm, and the
sections slained with haematoxylin and eosin for
histological examination.

Results

Adulr mule snd female nematodes, fourth-stage
larviae and two parasitic third-stage larvae were
examinal morphologically under the light racroscope,
a3 well as thind-stage larvae cultured from faeces. Laght
microscopic ohservations were compared with
scanning electron micrographs of the adults.

FParanstrastirongvlus raiti Obendarf, 1979
FIGS 1.38

Description: Adult; small nensatodes, red when live,
spirally coiled in 3-5 tight coils, ventral sucface
innermost, capable of nncoiling and beconuing straight
when maintained in warm isotonic solutions. Cephalic
extremity with prominent cephalic vesicle, 20-30 Rne
transverse ridges on vesicle (Fig, 1). Mouth opening.
surrounded by four sub-mediam papillac and two
amphids; no kabial paptllae visible; six rounded lips
project into mouth opening, Buccal capsule
prominently developed, heavily scleratised, circular
(0 sub-hexagonal in transverse section (Fig. 4), walls,
arched inwards, increase in thickness towards base,
lumen increases in diametar wwards base; prominen
tooth projects inwards from dorsal lobe of nesophagus;
sub-ventral teeth absent. Oesophagus slongate, slender,
clavate, widened at anlerior extremity; excretory pore
vanable in position, usually amerior, occasionally
posterior, W oesophago-iniestinal junction; deirid tiny,
domed, al level of excretory pore; nerve ring in mid-
oesophageal region, visible in faw specimens only.
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Figs 16-23. Paraustrostrongylus ratti Obendorf: adult. 16-22, transverse sections of body, 16-19, male, 2.3 mm long; 16,
at posterior end of cephalic vesicle, 0.06 from anterior extremity; 17, in oesophageal region, 0.30 mm from anerior extremity;
18, in posterior half of body, 1.60 mm from anterior extremity; 19 in cloacal region, 0.10 mm from posterior extremity;
20-22, female, 2.6 mm long; 20, cesophageal region; 21, 0.50 from anterior extremity; 22, 1.90 mm from anterior extremity;
23, posterior end of male, ventral view, showing lermination of ventral ridges (arrows) and termination of floats (f).
Legend: d, dorsal; 1, left; r, right; v, ventral; ridges are numbered (1-7) in an anticlockwise direction from the left ventral
ridge. Scale line: 001 mm.
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Body covered with nuinerons fine rransverse
anpulgrions (Fig. 36); two |ateral, fluid-filled cavities
(= floars) present on either side of body, extend from
immedislely posterior 1o vesicle  posterior region of
nematccle. Synlophe composed of three ventral ridges
(1-3) (Fig. 36), oriented from right 1o left, diminishing
in size fream left 1o right; right flogt with ywo dorsal
(56) (Fig. 35) and single ventral (4) ridge directed
towards left dorsal, ridges -3 commente posterior 1o
vesicle; left floal, with single ndge (7) (Fig. 35)
disected perpendiculat 1o body, commences postetior
to mid-oesophagus; right float with two dorsal (5,6)
and ane venteal (4) ridge; ridec 6 commences postenor
ey vesicle, followed by 5 then 4 m mid-oesophageal
regian.

Male (measurements of 10 specimens). Total length
LYB-266 (230, maxitmum widib (without floats)
0050-007¢ (DOST): cephalic vesicle 0055-0.065
(0W64) long, vesupliagus 0.27-0.30 (0, 28) lung, nerve
ring cfred ©.15 from anterior extremiry; excretory pare
021029 (0.25) from anterior exiremity; deirid
0,22-0.30 (0.26) from antericr extremity. spicules
0.23-0.32 (0.27) long; gubernaculum 00250045
(0.037) long. Synlophe: veniral ridges and right float
erminate near antesior extrenmity of gpicules: lefl float
contimues In leve) of gubernaculum, Bursa symmetri-
cal, lobes Indistinct, dorsal lobe not separaped from
lateral Jobey; rays 2 to & of bursa growped io patteru
of 3-2 (sensu Duretie-Desset 1983) or 1-2-2 allowing
for highly divergent ray 2, ray 2 slender, short,
divergent, nol reachlng margla of bursa, rays 3 10 5
more robust, directad postero-faterally, of approxi-
mately cquivalent size, not quutc reaching margin of
bursa: mty 6 shares commwon origin with ray 5, rabust,
bluat, directed posteriorly, reaches margin of bursa;
dorsal trunk separate (rom lateral trunk: ray 8 anses
from dorsal trunk, slender. does not reach margin of
bursa, rays 9 slighily asymmetrteal, shor, slender,
arise close o origin of riy I my 10 swout, divides
mear extremity into 4 branches; outer pair of branches
mwire rubust; final branches do not reach margin nlf
bursa. Spicules simple, clongate: alate; anterior
extrernitles irregularly knobbed, distal ups joued; each
spicule with fine, spiniform ventro-lateral branch
arising in distal 1/6-1/7 of spicule; spiculc tips
surtuundad by expanded sclerutived [Tange in dorso-
ventral view; each main branch of spicule terminates
in two fine spiniform projections within flange;
gubernaculum elongate, rectangular in dorso-ventral
view, composed of two layers; genital cone heavily
selevotised, cornplex, conlcal in shape, c. (1020 long,
base D020 wide; papilla 0 at tip of ventral lip of genital
cone; paired papillae 7 on dorsal lip of cone.

Female: (measurements of (0 specimens), Total length
2.48-2.95 (270), maximum width (without floats)

Q060-0070 (0066), with floas eirca (L10; cephalic
vesicle (060-0070 (0063) long, oesaphagus 0126-0.32
(029 long, nerve ring circa U8 from anlerior
extremily; excretory pore 0.2)-0.27 (0.23) from anterior
extremity; deirid 0.22-026 (0.24) from amerio
extremity, Ll O0B-O1 (0.10) luag; vulva to posterior
extremity 1.14-0.21 (0.17); egg 0065-0080 (0.074) by
G.035-0045 (0L038). Syalophe! ventral ridges extend
to vulva; Moats disappear in region af uterus, approx,
(.44 from tail, Tail extremcly long, conical, vulva
immediately anterior 10 uterus, opening o exkerior nn
slight promincnce; female genital system monodelphic
though with postendr uterus patent and ovary persisting
in vestipal form: vagina, vestibule and sphinceer circa
006 leng, wfundibulum short, circe 004 long,
prodelphic, leads to elopgate uterus comaining 14 egss;
eges thin-shelled, ellipsoidal.

Fourth stage larva: Small nematodes, spirally cotled
tn 34 conls, ventral surface innenmost; cephalic vesicle
ibsent; mouth opening surrounded by four submedian
pupillue amad two amphids; lips absent, Buccal capsule
sub-cylindrical, heavily sclerotised. teetli absent.
Oesophugus elongate, clavate, nerve rimg in mid-
vesophageal region; excretory pore in region of
oesophago-intestinal junction. Synlophe: body floats
absent; five ridges; three ventral ridges (1-3), nriended
from right to left, diminishing in size from Jeft wo right;
ventral ridge (4) on night hand side, orientad from right
to left; single dorsal ridge (3) on right hand side,
onenied dorsal from right o lefi; orientation of
synlophe oblique from right ventral w left dorsal at
about 607 to saginal axis. Tail elongam, conical.

Male {mecasurements of five specimens), Total kength
LO9-1,76 (1.44), maximum width 0.033-0.046 (0.040);
oesophagus 0.21-0.28 (0.26), tail 0.049-0085 (0.066).

Female (measyrements of five specimens) . Total leagth
1,472 00 (1.80), rnaximum width 0.030-0052 (0044),
oesophagus 0.25-0.29 (0.27), tail 0052-0,143 (D062,
Specimens with developed genitalia show distinet
posterior uterus, recurving into short ovary (Fig, 32,

Third stage larva: Parasivic: Two parasitle cthird stage
larvae were recorded, but detailed morphological
comparisons were possible from one only. Small
nematde, 076 long, spirally coiled in three coals;
bugial capsule cylindrical, very lightly sclerotised;
oesophagus slender, clavate, (LIS long. excrelory pore
in posterior pesnphageal region, 0,12 from anteror
extrenuty; tuil elongate, conical, with dorsel and ventral
projection. Synlophe composed of rwo pasts of alae
beginning on lateral aspects of body, pespendicular to
body surface; towarde mid-region of body, alae
grudually shaftin position o dorsad and ventrl: in md
hisdy region, the IR ventral par are larger with ong
1 almoa o mid-ventral position, and second ridge 1o
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Figs 24-32. Paraustrostrongylus rarti Obendorf: larval stages. 24-27 third tarval stape cullured in vitro; 24, entire larva,
lateral view: 25, cephalic extremity, lateral view; 26, tail, lateral view; 27, transverse section in mid body region; 28,
transverse section of parasitic third-stage larva from small intestine; 29-32, fourth-stage larva; 29, gnterior end, lateral
view; 30, buccal capsule, lateral view; 31, transverse section of larva in mid-body .region, arrow indicates oricntation
of synlophe; 32, tail of female fourth stage larva with posterior branch of genital system. Scale lines: fig. 24, 0.1 mm;

figs 25-32, 0.01 mm,; figs 25-26 to same scale. Legend: p, phasmid; u, posteriot utetus and o, ovary; ridges are numbered
in an anticlockwise direction from the lefi-ventral ridge.
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amie sidke of i two dorsal alae smaller, bne almost
doisal (0 position, other Lo one sde of il

FreeJiving: (measurciments of five specimens).
Sender, elongate  larvae, 0.50-0.55 (0.53) loag,
maximam widith 00160021 (0M8); buccal capsule
cylindrical, ¢. 0005 long, 0002 wide, continuous with
seleronised internal hoing of anterior vesophigus:
aesophigus slender, 0.44-0,16 (0,15) long: perve ring
(AT8-0083 (0.082) from anbenor end; excretory pore
[0S 0099 (0.096) from anterior end; intestinal cells
filled with granules, number of cells not ascerained.,
genial primordiom avend, 00080013 (0010) by
0D6-0008 (007, 028-0.33 (0,31) from anterior
eatreimnity Ll elongale, comeal, 0.065-0.089 (0.075)
long, with dorsal and ventral spike close to tip; larva
with four longitudinal alae, two on cach side of body.
i lateral position, aloss perpendicular o hody wall,

Attachment ta the intestinal nwcosa

Aduls nematodes are coiled veatrally  around
mestaial villi (Figs 33, 37) usually with the tail near
the distal fip of the villus: when fixed. the coils of the
body are mamowined (Fig. 34). AL the sie of
altschment, nemalodes compress the villi (Figs 37, 38)
and, although they generally retract from the site of
altachment when lixed, the impressions of the ventral
ridges remain in the intwestinal epithelium (Fig, 38).
Changes m the epithelium ot the site of attachment
include cuboidal to squamous cpithelial cclls,
clongabion (= flallening) of nucler associated with the
change 0 o syuamous cell type, loss of cytoplasmie
differenhiation #nd the loss of the brush border of
micravi L Althongh sometimely squamous, no defects
were detected in the epithelium, No marked
iflamnatory changes were deétected but there were
significant numbers of mononuclear cells, macrophages
and lymphoeytes, present i the Eming propriz wgether
with a smiall number of eosinaphils

Discussion

Muorphology of the adult

The descnipnon of the adule provided here
supplements the anignal dexeription by Obendort
(1979), which was found 0 be accurate in all essentials.
Obsendort (1979 Towever, did not provide an apical
view of the anterior extremity and provided only a
single, unorenied drowing of the sy ulophe of the adult.
In the present exanination, the synlophe 1% described
i detail, including the origing and terminations of the
body ridges. Durette-Desset (1979) and Beveridge &
Durelte- Desset (1986) have shown that the number of
beudy ridges changes in the posterior region of the body
in several species of  Anstrosrrongyluy  and
Faraustraytrang vhes, but comparable data were lacking
for B orarti, This ctudy demonstrated that n Poranti,
e prineal nuges anse m the oesophageal region and

persist (o the kevel of the spicules i the male and to
tue level of the velva in the lemale. In the male, the
Iel, but nol the Aghs Moat extends almost {o the Tevel
of the bursa, as ivdoes also w P rrechosut and i A.
sarfextatas, e latter being o species which possesses
only one float P rgtti also resembles A0 sufestatus in
having three rather than the four ventral longitudinal
ridges present inomost other members ol these genen,
The three principal ventral ridges arise ¢lose 10 the
cephalic vesiele, while the ridges on the loats arise
somewhat more posteriorly, with the ridge on the lefi
float arising mid-way between the vesicle and the
excretory pore and the two dorsal ridges on the right
Noat arise in the anterior oesophagesl region, The
ventral ridge arises midway between the cephalic
vesicle and the excretory pore. The onging and
lerminations of ridges have been repord in fow
confamilial species, bur have been shown w be of
considerable taxonomie use at the species level in
gencra such as Nemarodirus (see Lichtenfels & Pilit
1983). Preliminary observalions by Beveridee &
Durette-Desset (1986) on species of Auwstroserongylis
suggest that this may be the case in the Herpetostrongy
lmae, but features have been described in 100 few
specics (o allow any firm conclusions © be diwa,

An inerestng feature of the morphology of P ratri,
noded by Obendorf” (1979) was the presence of
vestigial posterion Branch o the female genmal gystem,
Ris ubservalions were confirmed in this study, und the
same structure was also seen in the fourth karval stage.
The genera Austrostrongyhes and Paraustrostrongyluy
are considéred 1o be very closely related but can be
separated on the basis of the presence of a sclerolised
genital cone an Paraustrostrongylus, the absence of
ventral teeth in Purawstrostrongylus and the position
of ray 2 (Beveridge & Durette Desset 1986) Species
of Paraustrostrong s are inyariably monodelphie
wihile most species of Austrostrongylus are didelphic,
The evolution of monedelphy has oceurred repentedly
in the Trichostrongyloidea (see Durene-Desset [985)
and the: vestigial posterior wterus in £ rani provides
an obvious connection between the morodelphic ind
didelphic forms seen in these two elosely related
genera, In other trichostrongyloid genera such as
Neoheligmonella, the posterior uterine hranch nay
persist in thie adult nemntode, but does 50 only gs 8
small coflection of cells, posterior to the vulva (Dycrie-
Desset & Cagsone 1987), rather than the almost tully
tormied bul diminutive posterior branch seen in & num.

Anachment to villi

Results presented here iodicate thas 2 ran ataches
to intestinal villi by coiling spirally aroond theni, as
incertain other mchostrongylond nermodes {Direlie
Desset 1985), The ventral body ridges clearly press
into the imtestinal epithelivm, and may therefire assist
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the nematode in maintaining its attachment to the villus.
The ventral surfaces of both body floats are also in
close apposition to the epithelium and effectively
increase the surface area of the nematode in contact
with the intestinal epithelium. The ventral ridge of the
right float (4) and to some extent the latero-dorsal ridge
(4) of the right float (5) also cause indentation of the
epithelium, and may therefore also assist in attachment.

Once in place on a villus, dorsal ridges would seem
to have little function in attachment, and one of the
features of P rati is that it has tew dorsal ridges.
However, when ohserved in warm isotonic solutions,
the nematode is capable of uncoiling completely, and
evidence from the localisation of experimentally
transplanted nematodes indicates that they are capable
of migration within the intestine as is the case with

Figs 33-38. Paraustrostrongylus ratti Obendorf. 33-36, scanning electron micrographs. 33, entire nematode coiled spirally
around villus in small intestine; 34, entire nematode, Q. showing body coils (4); anterior end w left; 35, dorsal surface
of nematode showing ridges 5 and 6 of dorsal aspect of right body float and ridge 7 on lateral aspect of left float; 36,
ventral surface of posterior region of body showing ridge 7 on left body foat and ventral ridges | and 2; 37, longitudinal
section through villus showing posterior part of nematode coiled around villus, with anterior end extending to left of field;
38, histological section through villus at point of attachment of P ratri, with nematode retracted, leaving sites of indentation
(arrows) of ridges in epithelium. Scale bars: figs 33, 34, 37, 0.1 mm; figs 35, 36, 38 001 mm.
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other trichostrongyleids (see Croll & Ma 1977), The
dorsal ridges may therefore be of use during nematode
migrations within the small intesting, when they are
uncoiled and are moving between villi,

Morphology of Larvul suges

The morphology of the buccal capsule of the furth
stage of 2 ratsi resembles very closely that of the fiurth
stage of B. pearsoni (sec Humphery-Smith [980) in
peramelid marsupials and Globocephaloides
trifidospicutany (see Bevendge 1979), @ species
parasitic |n macropodid marsupials. The Globocepha-
loidinae, to which the latter genus belangs, was placed
within the Herpetostrongylidae by Durette-Desset
(1983} based on features of (he bursa and buccal
capsule. Sinee members of the sub-family lack a
syndophe, their precise alfinities have not been
established, However, the similaritles between the
fourth stage larvae of G, frifidospicutans, B pearsoni
and P rami provide additional evidence that the rwo
subfamilies 2re related.

Only two parasitic third larval stages of £ ratn were
found, However, they were identified by the
characteristics of the tml, which was identical to that
of larvae cultured from faeces. Both parasitic Jarvae
were spirally coiled, as are the fourth stage and adult
The paies of alae which were cleardy lateral tn position
at ike anterior and posterior extremities of the body
were slightly shified in position in the mid-body region
<o thay the larger, left pair were almost venrral in
pasition, while the smaller, right pair became almost
dorsal in posttion. This gradual shifl in ridge position
and the hypertrophy and ventral shift of one pair of
alae presumably aide 1o attachunent, as is the case in
the adult, Two pairs of lateral alac were evident in the
free-living third larval stage but they remained in the
lateral position thronghout the length of the nemalode
boty. Several other wichostrongyloids have paired
lateral alae kn the third stage larva (Ecken & Schware
1965; Durette-Desset & Cassone 1987), The apparent
change in onenlation of the nidges in the mid-body
regian dfuring the initial parasitic phase of the life cycle
appears o assist the nemarwde n sttaching 1o villi, bu
the mechamisim by which this might occur is unclear.
Ususlly there i5 no change in the synlophe unless a
moalt oecurs, bul A this Insance, the change in
posstion of the alae is vistble in the entire nematode
a5 well 4s a0 sections, Additional observatinns are
clearly needed to confirm the resulis reported here.

Evolutionary relationships

The description of the Tourlh larval stage of P marfsi
peovides addittionsl insight into the evelution of the
Herpetostrangylidse. The type of infounaton which
can he provided by the larval synlophe has been
discussed by Durette-Desset (1983), Generally, the

larval synlophe demonstrates primitive features
compared with thar of the corresponding adolt and
frequenily retembles the adults of other, refated genent
thereby allowing phylogenetic reconstructions, In the
case of P rafti, s in other trichostrongyloids, the larval
synlophe differs markedly from that of the aduli. The
larva lacks floats; in the larva, the axis of orientation
is oblique rather than being frontal, as oscurs in the
adult and the synlophe has iwo fewer ridges, lacking
those found on the left float and on the dorsal right
float of the adult, The larval synlophe of P rari most
closely resembles that found in the adults of
Swearostrongylus and Dessetostropgvlus but differs
from that of Sutarestrongylus in having one rather than
twa dorsal ridges, and 1 onentation since the synlophe
of Sutarastrongvius has a frontal oriencation, similar
w that af the adult P rati. The obligue onentation
of the synlophe of the Jarval stage of P! rar( resembles
that of Desselosirongylus, from which i differs only
in having fewer dorsal ridges. The homology of ridges
between adult and larva hare congidered w0 be most
likely is that ridges 1 ta 3 of the larva correspond with
ridges 1 to 3 of the adult, while the two additional
ridges of the Jarva (4 and 5) correspond o two of the
ridges an the right float of the adult (4 and 5). An
alternative possibility would be that the first four ndges
from left to right correspond to the four ventral ridges
present in most species OF Austrostrongyles and some
species of Puraustrostrongvius, wilh the Afth ridge
corresponding to one of the ridges on the right float.
This merpretation invalves postulating the loss of &
ventral ridge in adult £ rani and the appearance of
two rather than ane new ridge for the right float, The
more parsimonious of the two hypotheses has been
chosen here, 11 is also consistent with the hypothesis
of Humphery-Smith (1983) that specics of Wooileva
with three |efi-ventral, obliquely otiented ridges, were
the likely ancestors of Dessetostrongyvlus.

The suggested intermediate forms in the proposed
transition series for the evolutionary linsage hetween
Wholleya and Austrostongylus/Paraustrostrongvlis
liave been Beveridgielle (see Durstte-Dessel 1982;
Humphery-Smith 1983) and Dessefnstrongyis (see
Beveridge & Durette-Desset 1986). Patricialing, an
afditional possibility, has a frontally symmetrical
ayniophe. while both Beveridglella and Dessero-
stromgylus have an oblique orientation to the synlophe.
Fatriciatina was considered (o have been derived from
Beveridgielia by Humphery-Smith (1383} and Cassone
et al (1986). Beveridgiella has & greater nutnber of
domsal ridges than Dessetastrongvius, dnd ingreases in
the nwmber of nidges oocur in 8 pumber of evolutlonary
lincages within 1he Trichostrongyloidea (Duretie-
Desser 1985), suggesting that the synlophe in species
of Reveridglella 15 probably derived from a
Dessetontrangylus-like ancestor. This in Bt 1s shown
in the larval stage of 8 pearsovii (see Humphery-Simith
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19809, which has a synlophe close to that of
Dessetostrongylus. The synlophe of the fourth-stage
larya of P rant differs from that of adult
Dessetostrangylus moorhousei only in lacking an extra
dorsal ridge. Because of the close correspondence
between theit synlophes, it appears likely that
Paraustrostrongylus evolved from an ancesior
resembling contemporary species of Dessetostrongylus,
thus supporting the hypothesis proposed by Beveridge
& Durette-Desset (1986) and Cassone et af. (1986),
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